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Objective: To evaluate the thickness of cartilage at the posterior aspect of the medial and lateral condyle
in Osteoarthritis (OA) knees compared to non-OA knees using computed tomography arthrography
(CTA).
Design: 535 consecutive knee CTAs (mean patient age ¼ 48.7 ± 16.0; 286 males), were retrospectively
analyzed. Knees were radiographically classiﬁed into OA or non-OA knees according to a modiﬁed
Kellgren/Lawrence (K/L) grading scheme.
Cartilage thickness at the posterior aspect of the medial and lateral femoral condyles was measured on
sagittal reformations, and compared between matched OA and non-OA knees in the whole sample
population and in subgroups deﬁned by gender and age.
Results: The cartilage of the posterior aspect of medial condyle was statistically signiﬁcantly thicker in
OA knees (2.43 mm (95% conﬁdence interval (CI) ¼ 2.36, 2.51)) compared to non-OA knees (2.13 mm
(95%CI ¼ 2.02, 2.17)) in the entire sample population (P < 0.001), as well as for all subgroups of patients
over 40 years old (all P  0.01), except for females above 60 years old (P ¼ 0.07). Increase in cartilage
thickness at the posterior aspect of the medial condyle was associated with increasing K/L grade in the
entire sample population, as well as for males and females separately (regression coefﬁcient ¼ 0.10e0.12,
all P < 0.001). For the lateral condyle, there was no statistically signiﬁcant association between cartilage
thickness and OA (either presence of OA or K/L grade).
Conclusions: Cartilage thickness at the non-weight-bearing posterior aspect of the medial condyle, but
not of the lateral condyle, was increased in OA knees compared to non-OA knees. Furthermore, cartilage
thickness at the posterior aspect of the medial condyle increased with increasing K/L grade.
© 2014 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Osteoarthritis (OA) has long been regarded as a disease of
cartilage, characterized by progressive loss of cartilage tissue1e4. In.joca.2014.10.006.
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umi).
ternational. Published by Elsevier Lclinical practice, the evaluation of joint space narrowing on radio-
graphs, an indirect sign of cartilage thinning, remains the reference
standard to grade severity of OA and is the most commonly used
criterion to evaluate the progression of the disease4e10. In research,
cartilage thinning is also considered as a co-primary endpoint to
establish the effect of disease-modifying drugs6.
However, recent human studies have shown that cartilage
thickness might increase in the early stage of the disease, con-
ﬁrming previous animal work11e16. Cartilage morphometric studies
using a subregional approach corroborated this observation,
showing that some weight-bearing areas of the joint may undergo
an increase in cartilage thickness at the early but not at the late
stages of OA16e21.td. All rights reserved.
Fig. 1. Axial reformat of knee CT arthrogram illustrating the position of sagittal
reformats (dashed lines) through the midportion of each condyle. The sagittal plane
was deﬁned as the plane passing through the midportion of each condyle and
perpendicular to the posterior subchondral bone plate, in reference to the axial plane
of the knee where the bicondylar femoral diameter was the largest (dotted line).
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crease in cartilage thickness previously described for the early
stages of OA might persist in later stages of the disease in areas of
the joint preserved from cartilage damage. In a preliminary study,
we showed that cartilage is frequently preserved at the posterior
aspect of the medial condyle in advanced stages of knee OA, despite
the higher prevalence of cartilage lesions in themedial femorotibial
compartment in general, compared to the lateral48. In the current
study, we focused on this area of preserved cartilage and aimed at
testing our hypothesis by comparing the thickness of cartilage at
the posterior aspect of the femoral condyles between matched OA
and non-OA knees, using CT arthrography (CTA).
Method
Patient population
We included all consecutive knee CT arthrograms of adult pa-
tients performed in our institution over a 1-year period in this
retrospective study.
Due to limited MR capacities at our institution CTA is commonly
applied for the diagnostic work-up of clinical suspicion of menisco-
cartilaginous pathology.
Altogether 607 knee CT arthrograms were included. 72 CT
arthrograms were excluded due to the presence of imaging signs of
previous bone fractures (n ¼ 20), previous knee surgery (n ¼ 50)
(including knee replacement procedures, ligamentoplasty, cartilage
repair procedures) or due to poor image quality (n ¼ 2). The pres-
ence or absence of history of previous meniscectomy was not
addressed.
Radiography
Knee radiographs obtained immediately before the arthro-
graphic examinations included lateral and postero-anterior (PA)
weight-bearing views (following the Lyon-Schuss ﬂuoroscopy
protocol)8.
CT arthrograms
All CT arthrograms were performed according to a previously
described technique after the intra-articular injection of 10cc of
iodinated contrast material (meglumine ioxaglate and sodium
ioxaglate, Hexabrix 320 (320 mg of iodine per milliliter); Guerbet,
Aulnay-sous-bois, France)22. Examinations were performed on a
40-detector row CT scanner (Somatom Deﬁnition AS; Siemens
Healthcare, Forchheim, Germany). Patients were positioned supine,
with extension of the knee. Previously described acquisition pa-
rameters were optimized for the knee joint23: tube voltage,
120 kVp; reference tube current-time product, 350 mAs with the
application of a dose modulation protocol (Care Dose 4D; Siemens
Healthcare); detector conﬁguration, 16  0.6 mm; collimation,
0.6 mm; pitch, 0.85; gantry rotation time, 1 s.
The following image reconstruction parameters were used:
ﬁeld-of-view (FOV), 15  15 cm; matrix, 5122; section thickness/
increment, 0.6/0.3 mm; bone convolution kernel (U70u).
All acquired data were systematically archived on a picture
archiving and communication system (PACS) workstation (Care-
stream Client version 13; Carestream Health, Rochester, NY, USA).
Image analysis
Image analysis of all 535 knee data (radiographs and CTAs) was
retrospectively performed on a PACS workstation by a fellowship-
trained radiologist with 4 years of experience in musculoskeletalimaging. To assess the interobserver agreement, a musculoskeletal
radiologist with 23 years of experience repeated the image analysis
as performed by the ﬁrst reader on a subset of 100 randomly
selected cases (ﬁrst 100 cases of alphabetically ordered sets of ra-
diographs and CTAs).
1. Radiographs
A modiﬁed Kellgren/Lawrence (K/L) scale of radiographic OA
was used to grade the medial and lateral femorotibial joints (on the
PA radiographs), as well as the patellofemoral joints (on the lateral
views)24. Each compartment was graded separately, leading to
three separate K/L grades per knee (medial, lateral and patellofe-
moral). The ﬁnal K/L grade of the knee was deﬁned as the worse
grade of all three compartments. OA knees were deﬁned by a K/L
grade 2 in any of the three knee compartments (K/L grade of the
knee2). Non-OA knees were deﬁned by a K/L grade <2 in all three
compartments (K/L grade of the knee <2). Readers were blinded to
the CTA ﬁndings while analyzing the radiographs.
2. CT arthrograms
Cartilage thickness at the posterior aspect of the medial and
lateral femoral condyles was measured with a digital caliper on two
sagittal multiplanar reformats (MPR) through the midportion of
each condyle, according to the following procedure:
The sagittal reformats on each of the femoral condyles were ﬁrst
reconstructed by the reader from the raw data available in the PACS.
The sagittal plane of each femoral condyle was deﬁned, in reference
to the axial plane, as the plane passing through the midportion of
each condyle and perpendicular to the posterior subchondral bone
plate (Fig. 1). A zoom factor of 2.5 was used. Cartilage thickness at
the posterior aspect of femoral condyles was measured (rounded
off to the nearest tenth of a mm) on a line perpendicular to the
subchondral bone plate, between the subchondral bone plate and
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from the physeal line (Fig. 2). This area of the articular cartilage
corresponded to the subregion 30/15 in our preliminary work
on the regions of preserved cartilage in advanced OA48.
During the analysis of CT arthrograms, readers were blinded to
radiographic ﬁndings, but not to CT signs of OA. To account for this
potential bias, a randomly selected subset of patients with different
grades of OA was analyzed 3 months after the initial analysis, by
blinding the readers to CT signs of OA elsewhere in the knee. The
randomization process consisted of alphabetically ordering the
examinations and including the ﬁrst 10 cases for each K/L grade,
leading to a total of 50 cases. One reader selected the mid-sagittal
plane of the medial femoral condyle and placed a digital marker
10 mm distal to the physeal line, following the above-describedFig. 2. Two 56 year-old women (patient A from the non-OA group and B from the OA group,
of patient B (b) shows signs of advanced OA (K/L grade 3). Corresponding CT arthrography s
thicker cartilage at the posterior aspect of the medial condyle in patient B compared to pa
condyles, 10 mm (dashed lines) distal to the junction of the physeal line (white arrows) wprocedure. The reader then cropped the image to hide the infe-
rior and the superior aspects of the condyles and saved the newly
obtained image in the PACS. A second reader, completely blinded to
both radiographic and CT ﬁndings, performed themeasurements at
the posterior aspect of the medial condyle following the above-
described method.
The ﬁrst reader also measured the biepicondylar femoral and
the mediolateral tibial diameters on axial CT images25,26.
Statistical analysis
Statistical analyses were performed using MedCalc for Win-
dows, version 12.7 (MedCalc Software, Ostend, Belgium). A signif-
icance level of P ¼ 0.05 was considered for all tests.respectively). Radiograph of patient A (a) shows no sign of OA (K/L grade 0). Radiograph
agittal reformats (c and d respectively), and magniﬁed views (e and f) show markedly
tient A. Cartilage thickness was measured at the most posterior aspect of the medial
ith the posterior femoral cortex.
Table I
Patient characteristics and comparison between non-OA and OA groups
Non-OA
group
OA group P-value
All ages n 308 227 NA
n females/n males 121/187 128/99 <0.001
Age all* 41.0 ± 14.4 59.2 ± 11.6 <0.001
Age males* 38.8 ± 12.9 58.6 ± 12.1 <0.001
Age females* 44.4 ± 16.0 59.6 ± 11.1 <0.001
Biepicondylar diameter
male*
8.56 ± 0.4 8.7 ± 0.4 0.05
Tibial diameter male* 7.8 ± 0.4 7.9 ± 0.4 0.03
Biepicondylar diameter
female*
7.6 ± 0.4 7.6 ± 0.4 0.26
Tibial diameter female* 6.9 ± 0.3 6.9 ± 0.4 0.92
<40 yo n 142 8 NA
n females/n males 47/95 4/4 0.55
Age all* 28.0 ± 7.0 36.8 ± 3.7 <0.001
Age males* 28.1 ± 6.2 38.1 ± 1.0 0.12
Age females* 28.0 ± 8.5 35 ± 5.0 <0.001
Biepicondylar diameter
males*
8.5 ± 0.4 8.6 ± 0.3 0.97
Tibial diameter males* 7.8 ± 0.4 7.8 ± 0.1 0.96
Biepicondylar diameter
females*
7.6 ± 0.5 7.7 ± 0.5 0.46
Tibial diameter females* 7.0 ± 0.4 7.2 ± 0.4 0.24
40e60 yo n 140 113 NA
n females/n males 56/84 64/49 0.01
Age all* 49.3 ± 5.7 51.4 ± 5.2 <0.01
Age males* 48.3 ± 5.4 50.3 ± 5.8 0.05
Age females* 50.8 ± 5.9 52.2 ± 4.6 0.26
Biepicondylar diameter
males*
8.5 ± 0.5 8.6 ± 0.4 0.41
Tibial diameter males* 6.9 ± 0.3 6.9 ± 0.4 0.78
Biepicondylar diameter
females*
7.6 ± 0.4 7.6 ± 0.3 0.56
Tibial diameter females* 7.8 ± 0.4 7.9 ± 0.4 0.36
>60 yo n 26 106 NA
n females/n males 26/8 60/46 0.37
Age all* 66.9 ± 7.3 69.2 ± 7.2 0.08
Age males* 66.1 ± 7.4 69.3 ± 7.4 0.16
Age females* 67.3 ± 7.4 69.1 ± 7.1 0.26
Biepicondylar diameter
males*
8.7 ± 0.3 8.7 ± 0.4 0.95
Tibial diameter males* 8.0 ± 0.4 8.0 ± 0.3 0.74
Biepicondylar diameter
females*
7.6 ± 0.3 7.6 ± 0.4 0.95
Tibial diameter females* 7.0 ± 0.3 6.9 ± 0.5 0.59
Gender distribution compared using ChieSquare test.
Age and diameter compared using Student's t-test for normally distributed data, and
non-parametric ManneWhitney test for non-normally distributed data.
* Data are mean ± standard deviation of the mean.
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males and females between OA and non-OA knee groups.
For continuous variables (patient age, bone size and cartilage
thickness), the one-sample KolmogoroveSmirnov test was used to
test whether data samples were normally distributed. A Student's t-
test for independent samples was performed to test for a difference
between continuous variables when the distribution was normal,
and a ManneWhitney test when the sample data were not nor-
mally distributed. Prior to the Student's t-test, homogenous vari-
ance was veriﬁed with an F-test. In case of unequal variances, a t-
test corrected for unequal variances was performed. Samples were
independent (different patients in the groups of OA and non-OA
patients).
All comparisons between non-OA and OA knees were per-
formed for the whole sample population. In order to control the
effect of age and gender as potential confounders, we used a
stratiﬁcation method and performed the analysis in different sub-
groups deﬁned by age and gender. Comparison of bone size was
only performed in gender-speciﬁc subgroups and not in the entire
sample population because of the well-recognized gender speci-
ﬁcity of bone size27e29.
For each condyle, we examined the association between the
dependent variable cartilage thickness and the K/L grade of the
knee, using a simple linear regression analysis.
Interobserver agreement was assessed by using intraclass cor-
relation coefﬁcients (ICC) (absolute agreement model for single
measures) for continuous data and by using weighted Kappa co-
efﬁcients (linear weight) for categorical data. These coefﬁcients
were interpreted as follows: 0 ¼ poor, 0.01e0.20 ¼ slight,
0.21e0.40 ¼ fair, 0.41e0.60 ¼ moderate, 0.61e0.80 ¼ substantial
and 0.81 ¼ almost perfect agreement30.
Results
Comparison of patient characteristics between OA and non-OA
groups (Table I)
Our ﬁnal series consisted of 535 knee CT arthrograms from 510
patients (mean age ¼ 48.7 ± 16.0): 286 males (mean
age ¼ 45.6 ± 15.8) and 249 females (mean age ¼ 52.2 ± 15.6).
Based on K/L grades, there were 308 non-OA knees (including
240 grade 0 and 68 grade 1 knees) and 227 OA knees (including 64
grade 2, 97 grade 3 and 66 grade 4 knees). In total, there were 177
medial femorotibial OA, 102 lateral femorotibial OA and 153
patellofemoral OA. In the entire population, there were statistically
more females thanmales, and themean agewas statistically higher
in the OA group (all P < 0.001).
In subgroups stratiﬁed by gender and age, the number of fe-
males was either statistically signiﬁcantly higher than the number
of males in the OA group or comparable between OA and non-OA
groups.
In subgroups stratiﬁed by gender and age, patients' age was
either statistically signiﬁcantly higher in the OA group or compa-
rable between OA and non-OA groups.
Other comparisons between the two groups of patients are
detailed in Table I.
Comparison of cartilage thickness between OA and non-OA knees
(Table II and Fig. 2)
At the posterior aspect of the medial condyle, cartilage was
statistically signiﬁcantly thicker in OA knees (2.43 mm (95%
CI ¼ 2.36, 2.51)) compared to non-OA knees (2.13 mm (95%
CI ¼ 2.02, 2.17)) in the entire sample population (P < 0.001)
(Table II, Fig. 2), as well as for males and females separately (allP < 0.001). When considering subgroups of patients stratiﬁed by
gender and age (Table II), cartilage was statistically signiﬁcantly
thicker in OA knees above 40 years old (all P  0.01), except for
males above 60 years old (P ¼ 0.07). Cartilage thickness was not
statistically signiﬁcantly different between non-OA and OA knees
under 40 years of age (all P  0.47).
At the posterior aspect of the lateral condyle, cartilage thickness
was not statistically signiﬁcantly different between OA (1.94 mm
(95%CI ¼ 1.85, 2.04)) and non-OA knees (1.99 mm (95%CI ¼ 1.93,
2.05)) in the entire sample population (P¼ 0.41) (Table II and Fig. 2)
as well as in any of the subgroups (all P  0.17) (Table II).
Association between cartilage thickness and knee OA grade
(Table III)
Cartilage thickness at the posterior aspect of the medial condyle,
but not of the lateral condyle, was positively correlated with the
knee K/L grade in the entire sample population, as well as for males,
females and medial femorotibial OA knees separately (regression
coefﬁcient varying from 0.10 to 0.12, all P < 0.001) (Table III).
Table II
Comparison of cartilage thickness at posterior aspect of femoral condyles between non-OA and OA knees
Medial condyle Lateral condyle
Non-OA group OA group P-value Non-OA group OA group P-value
All ages All patients 2.1 (2.1, 2.2) 2.4 (2.4, 2.5) <0.001 2.0 (1.9, 2.1) 1.9 (1.9, 2.0) 0.41
Males 2.2 (2.1, 2.2) 2.4 (2.3, 2.5) <0.001 2.1 (2.1, 2.2) 2.1 (2.0, 2.2) 0.88
Females 2.1 (2.0, 2.2) 2.4 (2.3, 2.6) <0.001 1.8 (1.7, 1.9) 1.8 (1.7, 1.9) 0.69
<40 yo All patients 2.1 (2.0, 2.2) 2.2 (1.6, 2.7) 0.83* 2.0 (2.0, 2.1) 2.0 (1.1, 2.6) 0.52*
Males 2.1 (2.1, 2.3) 2.2** 0.85* 2.1 (2.0, 2.2) 2.3** 0.62*
Females 2.0 (1.9, 2.2) 2.2** 0.47* 1.9 (1.7, 2.1) 1.6** 0.22*
40e60 yo All patients 2.1 (2.1, 2.2) 2.5 (2.4, 2.6) <0.001 2.0 (1.9, 2.1) 2.0 (1.9, 2.1) 0.99
Males 2.1 (2.0, 2.2) 2.4 (2.2, 2.5) <0.001 2.1 (2.0, 2.2) 2.2 (1.9, 2.2) 0.52
Females 2.1 (2.0, 2.2) 2.5 (2.4, 2.7) <0.001 1.8 (1.7, 1.9) 1.9 (1.8, 2.1) 0.17
>60 yo All patients 2.1 (2.0, 2.2) 2.4 (2.3, 2.5) <0.001 1.8 (1.5, 2.1) 1.9 (1.8, 2.1) 0.54
Males 2.2 (2.0, 2.4) 2.5 (2.4, 2.7) 0.07* 2.3 (1.8, 2.7) 2.2 (2.0, 2.4) 0.75
Females 2.0 (1.8, 2.2) 2.4 (2.3, 2.5) 0.01* 1.6 (1.3, 2.0) 1.7 (1.5, 1.9) 0.65
Data are mean thickness (mm) followed by 95%CIs.
Statistically signiﬁcant results are reported in bold.
* A non-parametric ManneWhitney test was performed because sample size was not normally distributed (tested with a KolmogoroveSmirnov test). All other p values
obtained by performing a Student t test.
** Sample size too small to calculate 95% conﬁdence interval.
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tion between cartilage thickness and OA grade (all P 0.39), except
when considering lateral femorotibial OA knees separately, for
which there was a negative correlation (regression
coefﬁcient ¼ 0.09, P < 0.01) (Table III).Analysis of measurement variability
The interobserver agreement for the K/L grade was substantial
(kappa ¼ 0.77, 95% conﬁdence interval (95%CI) ¼ 0.70e0.84).
The interobserver agreement for the measurement of cartilage
thickness was almost perfect for the medial condyle (ICC ¼ 0.91,
95%CI¼ 0.87e0.94) and substantial (ICC¼ 0.69, 95%CI¼ 0.57e0.78)
for the lateral condyle. Mean differences (mm) between the two
observers (observer 1eobserver 2) were 0.01 ± 0.02
and 0.07 ± 0.05 for the medial and lateral condyles respectively.
Measurements from the completely blinded analysis of the
subset of 50 randomly selected cases were in substantial agreement
with those from the ﬁrst analysis (ICC ¼ 0.83, 95%CI ¼ 0.73e0.90).Discussion
In this cross-sectional study, we have shown that cartilage
thickness at the posterior aspect of the medial condyle, but not of
the lateral condyle, was increased in OA knees compared to non-OA
knees. Furthermore, cartilage thickness at the posterior aspect of
the medial condyle, but not of the lateral condyle, was positively
correlated with the K/L grade of the knee.Table III
Association between cartilage thickness (mm) at posterior aspect of medial and lateral c
simple linear regression analysis
K/L ¼ 0* K/L ¼ 1* K/L ¼ 2* K
Medial
condyle
All patients 2.1 (2.1, 2.2) 2.1 (2.0, 2.2) 2.3 (2.2, 2.4) 2.
Males 2.2 (2.1, 2.2) 2.1 (1.9, 2.2) 2.2 (2.1, 2.4) 2.
Females 2.1 (2.0, 2.2) 2.2 (2.0, 2.3) 2.3 (2.1, 2.5) 2.
Medial femorotibial OA 2.1 (2.1, 2.2) 2.1 (2.0, 2.3) 2.3 (2.2, 2.5) 2.
Lateral
condyle
All patients 2.0 (2.0, 2.1) 1.8 (1.7, 2.0) 1.9 (1.8, 2.1) 1.
Males 2.1 (2.1, 2.2) 2.1 (1.9, 2.3) 1.9 (1.6, 2.2) 2.
Females 1.9 (1.8, 1.9) 1.6 (1.3, 1.8) 2.0 (1.8, 2.1) 1.
Lateral femorotibial OA 2.0 (1.9, 2.0) 2.0 (1.7, 2.2) 2.0 (1.8, 2.2) 1.
Statistically signiﬁcant results are reported in bold.
* Data are cartilage thickness in mm followed by 95%CIs in parentheses.To our knowledge, this study is the ﬁrst to show that, in all
stages of knee OA, including advanced OA, a subregion of cartilage
may be thickened compared to non-OA knees.
Previous animal studies have shown that cartilage may be
thickened in the early stages of OA11,12. More recently, authors have
shown that cartilage of the human knee may also be thickened at
an early stage of OA. Hellio Le Gaverand et al. have shown inwomen
that K/L grade 2 knees (n ¼ 31), but not KL grade 3 knees (n ¼ 30),
had thicker cartilage in the weight-bearing area of the medial
femorotibial compartment compared to K/L grade 0 knees
(n ¼ 97)18. Extending the results from that previous cross-sectional
study, Buck et al. have shown in a 2-year longitudinal study that the
thickening of cartilage is frequent in K/L grade 2 but not in K/L grade
3 knees17.
Our ﬁndings of thickened cartilage at all stages of OA in some
areas of the knee are in contradiction with the common knowledge
that OA is associated with cartilage thinning.
However, most studies have focused on weight-bearing areas of
the joint, where cartilage loss occurs in the course of OA. We
focused on the most posterior aspect of the femoral condyles,
which most likely explains the aforementioned contradictions.
A limited number of studies have focused on the subregional
analysis of the entire femorotibial joint and showed variations
among different areas of the knee21,31. These subregional variations
and the fact that in-depth analysis of the posterior aspect of the
condyles has not been performed so far may explain the apparent
contradiction of our ﬁndings with respect to previous data.
It is of note that the thickening of the cartilage was observed in
the medial and not the lateral condyle, which may be explained byondyles and K/L grades of OA (0e4): average thickness according to K/L grade and
/L ¼ 3* K/L ¼ 4* Regression
coefﬁcient
Std. error P-value R2 F-test
(P-value)
5 (2.3, 2.6) 2.5 (2.4, 2.7) 0.10 0.01 <0.001 0.09 <0.001
4 (2.2, 2.6) 2.4 (2.2, 2.6) 0.10 0.02 <0.001 0.09 <0.001
5 (2.3, 2.7) 2.5 (2.2, 2.7) 0.12 0.02 <0.001 0.10 <0.001
5 (2.4, 2.6) 2.7 (2.5, 2.9) 0.12 0.02 <0.001 0.106 <0.001
9 (1.7, 2.0) 2.1 (1.9, 2.3) 0.02 0.02 0.39 0.002 0.26
1 (1.9, 2.3) 2.1 (1.9, 2.3) 0.02 0.02 0.39 0.001 0.60
7 (1.5, 1.9) 1.8 (1.4, 2.1) 0.02 0.03 0.55 0.001 0.64
6 (1.2, 2.1) 0.5 (0.0, 1.4) ¡0.09 0.03 0.00 0.017 <0.01
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the lateral condyle compared to the medial condyle, as previously
shown32. This was corroborated in our study by the fact that when
considering only lateral femorotibial OA, there was a negative
correlation between cartilage thickness and the K/L grade at the
posterior aspect of the lateral condyle, suggesting more cartilage
lesions with increasing grades of OA. Biomechanical factors have
been suggested as a potential cause for this difference32,33.
In addition to the observation of a thicker cartilage in all stages
of OA compared to non-OA knees, we have found a positive asso-
ciation between cartilage thickness and the K/L grade of OA at this
posterior aspect of the medial condyle. These ﬁndings suggest that
cartilage thickening is not always a transient process but could also
be a phenomenon that persists until late stages of OA in some areas
of the knee.
It was not the scope of our work to provide any explanation for
this thickening of cartilage. Whether it is primarily due to real
hypertrophy of the cartilaginous tissue that forms in relation to
cartilage loss at other parts of the joint or to cartilage swelling still
needs to be determined11. However, our ﬁndings likely open new
perspectives to better understand this phenomenon, by providing a
new target area for future research.
We have used CT arthrograms instead of Magnetic Resonance
Imaging (MRI) as in most clinical studies on cartilage morphom-
etry. CTA is routinely performed in our institution. It beneﬁts from
high spatial resolution as well as high contrast between cartilage
and subchondral bone plate on one side and contrast ﬁlled artic-
ular ﬂuid on the other side (Fig. 2), which has made it a technique
of choice for the study of cartilage thickness and cartilage surface
lesions22,34e37. Furthermore, CTA is less prone to motion artifacts
than MRI due to signiﬁcantly faster acquisitions compared to
MRI22. These strengths of CTA likely explain the almost perfect
interobserver agreement for the measurements of cartilage
thickness at the posterior medial condyle. However, it should be
kept in mind that CTA, contrary to MRI, is an invasive procedure
that exposes the patients to ionizing radiation. It should not be
used as a primary imaging method for the assessment of the knee
joint.
Potential confounders had to be taken into account in our study.
Age, gender, physical size, and bone size have been reported to
correlate with cartilage thickness, although all authors do not
agree25,26,38e45. The OA group, with focally thicker cartilage, was
composed of older patients and more females compared to the
non-OA group. However, these two parameters are believed to be
associatedwith thinner cartilage, so this should not have biased our
ﬁndings26,40e44,46. Furthermore, we controlled for the covariates
gender and age by using a stratiﬁcation method. We did not take
into account any confounders related to the physical size of the
individuals (such as height, weight and body mass index (BMI)).
The association between cartilage thickness and physical size is
controversial25,38. Future studies should however take these pa-
rameters into account. Finally, our OA and non-OA subgroups had
comparable bone size parameters.
Our study has some limitations. First, during the measurement
procedure, the readers were blinded to radiographic data but not to
the presence of CT signs of OA in other regions of the knee. How-
ever, we showed that measurements obtained from a completely
blinded observer were in substantial agreement with the not
completely blinded analysis.
Second, the sample size in some subgroups was limited. As an
example, we found no statistically signiﬁcant difference in cartilage
thickness between OA and non-OA knees below 40 years of age. The
lack of signiﬁcance might be due to limited power related to the
small number of patients in the OA subgroup (n¼ 8), and should be
re-evaluated in a larger cohort.Third, our monocentric study might present a selection bias,
being limited to the symptomatic patients from one institution. Our
work should be conﬁrmed in a multicentric study.
Fourth, our study was limited by its retrospective nature, with
selection criteria limited to imaging ﬁndings, and no clinical data
available. Although we have tried to account for most known
confounders as previously discussed, our two groups might just
sample subjects with different cartilage thicknesses, due to the
known interindividual variability of cartilage morphometric pa-
rameters47. Only a prospective longitudinal study could avoid that
potential limitation.
Fifth, we measured cartilage thickness at a focal point. Spatial
variations of cartilage thickness could therefore not be taken into
account. However, our measurements were performed in an area
that was shown to rarely present surface lesions48. Spatial varia-
tions of cartilage thickness are therefore unlikely to represent any
bias in our study. The comparison of the volume of cartilage at the
posterior aspect of the medial condyle between OA and non-OA
knees will be the focus of subsequent work.
In conclusion, we could show in a cross-sectional fashion on a
relatively large cohort of patients that cartilage thickness at the
most posterior aspect of the medial condyle is increased in OA
knees compared to non-OA knees, and this thickening is further
associated with increasing K/L grade. More work is required to
conﬁrm and understand these results.
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